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In the search for innovative materials, the design of new polymers is of immense importance. Step-growth 
polymerization covers major groups of polymers as e.g. polyesters, polyamides, polyurethanes, as well as many 
more. Hence, there is a high demand for models that can predict properties of new materials in an efficient and 
economic manner, avoiding (or at least reducing) the necessity of expensive and time consuming computational 
simulations and experiments. 
In AfiBgi step-growth polymerization a mixtu 
re of arbitrary (multi-)functional monomers carrying two different types of functional groups (A and B) reacts to 
form higher order hyperbranched structures. We propose a generic and in many parts analytic model for step-
growth polymerization that can be applied for any AfiBgi system. It combines two modeling steps: The first step, 
referred to as kinetic monomer model (see Figure 1), focuses on the monomer units and how they alter during 
the polymerization process. We predict the degree distribution over time, i.e. the probability of a monomer unit to 
be connected to an arbitrary number of neighbors. This degree distribution serves as input for a directed random 
graph (second step, Figure 2) that recovers the molecular weight distribution of the polymer, predicts the gel 
point, and provides the radius of gyration.   
 
We demonstrate the efficiency of the model by validating the predictions of degree distributions, polydispersities, 





Figure 1 – Illustration of the kinetic monomer model: Monomers form chemical bonds during polymerization. The 
concentrations of monomer types, characterized by their number of reacted A-/B-groups, are modeled. The 
chemical bonds between monomers will be represented as directed edges between nodes in the graph. 
 
 
Figure 2 – Illustration of the random graph model: From the concentration of monomer types the degree 
distribution is extracted (probability of a node of having i in-edges and j out-edges). In the directed random 
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